Introduction
In 1990, Ellis and Pfeiffer reported the rst isolation of the yeast pathogen Cryptococcus neoformans var. gattii from the environment. The fungus was cultured from leaf litter from beneath Eucalyptus camaldulensis, a species of gum tree found throughout many areas of Australia [1] . Since this rst isolation, numerous additional studies have been done to determine if other tree species are also likely to harbour the fungus. In Australia, four additional Eucalyptus species: E. tereticornis, E. blakelyi, E. gomphocephala and E. rudis and [1] [2] [3] , and one close relative of Eucalyptus, Angophora costata [4] , have been found to be positive for the presence of the fungus. Exported E. camaldulensis trees growing in tropical and subtropical regions outside Australia have also been found to harbour C. n. var. gattii [5] [6] [7] [8] and it has been cultured from pottery trees and pink shower trees in Brazil [9, 10] and almond trees in Colombia [11] .
There is evidence that the tree species reported so far to have an association with C. n. var. gattii may not represent the total environmental niche of this variety. In Australia, molecular typing of clinical isolates has suggested the presence of other environmental sources of the organism [12, 13] and in Papua New Guinea, where relatively high levels of disease due to C. n. var. gattii occur, there are no known host tree species [14] .
The closely related C. n. var. neoformans has also been isolated from a number of different tree species [15] although there is still debate as to whether this constitutes the primary niche of the fungus. For both varieties, the yeast colonies are most frequently obtained from around the base of the tree and inside tree hollows. C. neoformans produces laccase [16] an enzyme involved in lignin degradation [17] , and it is therefore likely that rotting wood forms a suitable substrate for fungal growth.
As C. n. var. gattii can cause life-threatening meningitis in otherwise healthy hosts, there has been concern about the presence and transmission of infectious propagules in inhabited areas where the host trees are common [18] . Previous studies have established that genetic concordance exists between environmental and clinical isolates of C. n. var. gattii, indicating that infections are acquired from host eucalypts [19] . Eucalyptus trees are very common throughout Australia, which combined with a heightened public awareness of the fungus causes concern to some individuals and communities, particularly indigenous Australians who often inhabit rural areas and also appear to be predisposed to infection [20, 21] . Understanding more about the ecology of the fungus and its relationship to native tree species is therefore important for assessing the likelihood of any health risks to community members.
The 
Materials and methods

Collection of isolates
Isolates were obtained from ve locations within the Blue Mountains National Park off the Great Western Highway, including Penrith, Emu Plains, Glenbrook, Blackheath and Mt Boyce Lookout (Fig. 1) . The most extensive sampling was done within the Glenbrook area (insert, Fig. 1 ). This location was selected as it includes areas close to roads and human dwellings, as well as relatively undisturbed areas off walking tracks that are easy to reach but are reasonably far from human habitation. Trees with decaying wood hollows were targeted, and samples were taken both from the hollows and from around the tree bases. Samples of faeces from native animals and bird guano were also collected from each region. The identi cation of tree species was done using the identi cation key in Brooker & Kleinig [22] . Large tree hollows present on eight g trees (F. sycamorus) growing on the campus of the University of Sydney (latitude 35 o S, longitude 151 o E) were also sampled.
Two methods were used to isolate C. neoformans. In the rst (a modi cation of the method of Ellis and Pfeiffer [1] ), 5-10 g of guano/faeces or plant debris from within tree hollows or around the tree bases was collected into clean plastic zip-lock bags; 1-3 g of the collected material was placed into sterile McCartney bottles containing 10 ml of Milli-Q water. The samples were mixed thoroughly by vortexing, and 0¢5 ml of supernatant was removed and spread onto a Birdseed agar plate [24, 25] . In the second method, Transystem Transport swabs containing Amies Transport Media without charcoal (Interpath Services, Melbourne, Australia) were used to sample into deep areas of tree hollows [23] . The dry swabs were rst soaked in sterile saline solution and then rubbed on the inner hollow surfaces. Swabs were placed into the transport tubes and stored on ice until they were returned to the laboratory. The samples were then swabbed directly onto Birdseed agar.
All plates were incubated at 25 o C. Positive samples were identi ed as culturing colonies displaying a brown colour on Birdseed agar [24, 25] . These colonies were streaked onto Sabouraud glucose agar (SGA) plates and incubated at both 25 o and 37 o C. Isolated single colonies were tested for the presence of capsules by India ink examination.
DNA isolation
The isolation of DNA followed the method of Wen et al. [26] with the following modi cations: approximately 0¢75 g of cells were collected from the surface of SGA plates; protoplasting solution was made using 10 mg Novozyme 234 per millilitre of SCS buffer (20 mM sodium citrate, 1 M sorbitol); and all centrifugation steps were performed at 12 800g. Resulting DNA pellets were resuspended in 100 m l of TE buffer (10 mM Tris-HCl, 1 mM ethylenediamine tetraacetic acid [EDTA], pH 8¢0) containing 10 m g ml ¡1 RNAse A (Progen, Brisbane, Australia [28] . DNA ngerprinting was done using the (GACA) 4 and M13 core primers [29] , with a Perkin-Elmer 480 thermocycler (Perkin-Elmer, Norwalk, CT, USA) programmed for 35 Mating type was determined using primers MFa U and MFa L, which have been designed to amplify a section of the MFa pheromone gene [4] . Cells of the a -mating type lack this gene and will not produce the 101-bp MFa amplicon that is produced by a -mating type cells. Coampli cations were set up which included both the mating type-speci c primers and a pair of positive control primers (660U and 660L) that had been designed from an anonymous fragment of DNA. These were expected to amplify DNA from all C. n. var. gattii strains, regardless of mating type, and ensured that failure to amplify the MATa fragment was not due to a failure of the PCR [4] . 
Results
Isolation of C. n. var. gattii Table 1 lists the areas sampled (Fig. 1) , the type of samples taken from each area including the species of tree, the number of samples taken and the number of positive samples. Out of a total of 99 samples obtained, three were found to harbour the fungus, and in each case the yeast cells were isolated from the degraded wood hollows of trees using the swab sampling method. The two positive trees that could be identi ed were both turpentine gums (S. glomulifera; Fig. 2a, b) ; the remaining positive tree was a degraded tree stump that could not be identi ed (Fig. 2c) . Samples from the two turpentine gums yielded three and four colonies of C. n. var. gattii, respectively, and > 30 colonies were obtained from a hollow in the tree stump. All positive trees were present in the more urbanized areas of Glenbrook (G3 and G5, Fig. 1 ), and none were found near the walking tracks within the national park (Fig. 1) or in other parts of the Blue Mountains. The rst tree ( Fig. 2a ) was located in a car park. It was a large, old turpentine gum with a number of trunks radiating from a single base. C. n. var. gattii cells were obtained from a deep hollow at the tree base. The second tree and the tree stump were both located approximately 500 m southwest of the rst in a large residential park with many grey, snow and turpentine gums. The turpentine gum was split at the base, and the inside was blackened from apparent re damage (Fig. 2b ). Colonies were obtained from a swab of the blackened wood. The stump occurred 8-10 m from the positive turpentine gum and was completely rotted on the inside (Fig. 2c) 
Molecular typing
The molecular pro les produced by DNA ngerprinting primers and the ve different RAPD primers were all essentially identical across the different isolates. The two ngerprinting gels are shown in Figure 3 . Comparison with the pro les from C. n. var. neoformans and C. n. var. gattii tester strains con rmed that all of the isolates were C. n. var. gattii. Pro les were very similar to the two C. n. var. gattii standards, which have been previously typed as belonging to VG1 [4] . It therefore appears that all of the isolates obtained in this study were of the VG1 type.
All isolates produced two bands in the MF/660 coampli cations, corresponding to the MFa fragment and the 660 positive control fragment (not shown). It was therefore concluded that all isolates were of the a mating type.
Discussion
It is generally assumed that infection with the majority of (Fig. 2a); (3, 4) isolates from turpentine gum 2 (Fig. 2b) ; (5) (6) (7) (8) (9) (10) (11) isolates from unidenti ed tree stump (Fig. 2c) ; (12) fungal pathogens capable of causing disseminated disease begins with the inhalation of an infectious propagule from an environmental source [30] . That decaying wood is a primary environmental source for C. n. var. gattii has been reinforced by many studies, although what was originally thought to be a highly speci c association between this variety and certain species of Eucalyptus has recently been broadened to include a number of non-eucalypt species [4, . This is the second report on the isolation of C. n. var. gattii from a species other than Eucalyptus in Australia; the only other isolation was from a single tree of A. costata (smooth-barked apple) [4] , which is a close relative of Eucalyptus. Although S. glomulifera is grouped with Eucalyptus species under the generic 'gum tree' label, and these species both belong to the family Myrtaceae, this is an ancient plant family that has diversi ed signi cantly and now includes more than 160 genera and thousands of species. Within this family, Syncarpia and Eucalyptus are thought to be only distantly related. The low prevalence of C. n. var. gattii in the Blue Mountains region contrasts with our previous ndings in Renmark, South Australia, where in a stand of E. camaldulensis trees in an area of approximately 3 km 2 , 8 out of 14 trees yielded C. n. var. gattii colonies [31] . The same sampling techniques were used in both areas and it is therefore likely that this re ects a genuine difference in fungal prevalence rather than a lower sampling ef ciency in the present study. It is possible that although some trees in the Blue Mountains National Park can support growth of C. n. var. gattii, the conditions in this area are not favourable for extensive propagation and dispersal of the fungus. C. n. var. gattii is most commonly found in tropical and semitropical regions [32] , whereas the Blue Mountains are more temperate, with summer and winter temperatures ranging from 10 o to 25 o C and 0¢5 o to 14 o C, respectively. More work is needed to assess the persistence of the fungus on trees in this region over time.
The three positive trees occurred in the more urbanized area of the Blue Mountains National Park region, with one in a car park and the other two in a residential park within the township of Glenbrook. C. neoformans has only been reported as a very occasional human commensal [33, 34] , but is frequently isolated from the nasal cavity of some native and domestic animals, including koalas, dogs and cats [35] [36] [37] . Koalas are reported to occur in the Blue Mountains area but are extremely rare and would not occur in areas near human habitation. Dogs are common in this region, although C. n. var. gattii is generally only found colonizing the noses of dogs with active infection, whereas C. n. var. neoformans can occur in the absence of any symptoms of cryptococcosis [35] . It is possible that infected animals have both introduced C. n. var. gattii into this area and transmitted it between different tree hosts. RAPD and mating type tests found isolates from the different trees to be genetically indistinguishable, which could suggest a single origin followed by limited dispersal and clonal propagation on the tree hosts. However, as the VGI molecular type and alpha mating type that these isolates shared are both very common in isolates from throughout Australia [4, 19] , it is not possible to draw rm conclusions on their origin.
Two different methods were used to isolate C. n. var. gattii from trees, but only the swabbing of tree hollows yielded C. n. var. gattii colonies. The debris collected from hollows and the base of the tree were negative for the fungus, even when these were taken from trees with hollows that were positive by swab sampling. The higher success rate of the swab sampling method is probably due to a greater prevalence of C. n. var. gattii in the deeper areas of tree hollows, where the fungus is protected from direct sunlight and provided with humid conditions that favour its survival and growth [38] . Failure to isolate yeast cells from around colonized trees is further evidence of their limited dispersal and poor survival in the unprotected environment.
C. n. var. neoformans was not isolated from any trees or guano/faeces samples in the Blue Mountains National Park, nor from the hollows of F. sycomorus trees present on the campus of the University of Sydney. This contrasts with ndings from Brazil, where both varieties have been found in the hollows of pink shower and eucalyptus trees, and are sometimes present together in a single hollow [7, 10] . In our previous work and that of other colleagues in Australia, we have only very rarely obtained isolates of C. n. var. neoformans from trees that were usually heavily colonized with C. n. var. gattii [31, M. Krockenberger, unpublished results]. The reason for this difference is not known but may relate to the abundance of C. n. var. neoformans in the environment, which is strongly in uenced by the presence of pigeons and pigeon guano [39] . This is likely to be lower in the Blue Mountains and the other rural regions that have most frequently been targeted for environmental isolations in Australia, than in the highly urbanized cities of Rio de Janeiro and Sã o Paulo, where the Brazilian trees were sampled.
The results of this study indicate that, although uncommon, C. n. var. gattii may be present on tree species and in areas of Australia that previously have not been expected to host it. Urbanization of these areas, with increased traf c of domestic animal vectors, may be responsible for the introduction and transmission of the fungus, although more research on fungal transmission will be necessary to determine if this is likely to be the case. However, wide-scale dissemination does not appear to occur, which together with a low frequency of the fungus suggests that it is unlikely to present a signi cant health hazard to visitors and residents of the Blue Mountains region.
